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I n d i v i d u a l  compound and molecu la r  c l a s s  k i n e t  ics were 
determined f o r  t h e  c a t a l y t  i c  hydrodeoxygenation of coa l  l i q u i d  ac id  
f r a c t i o n s .  The c o a l  l i q u i d  a c i d i c  f r a c t i o n s  were prepared from a coa l  
l i q u i d  heavy d i s t i l l a t e ,  de r ived  from Powhatan 1 5  c o a l ,  by ion  exchange 
chromatography(1).  A commercial s u l f  ided Ni-Mo/VA1203 c a t a l y s t  was used 
t o  h y d r o t r e a t  t h e  coal l i q u i d  a c i d s  which were fed  through a mic ro reac to r  
a s  a 0.25 wt% s o l u t i o n  in cyclohexane. The coa l  a c i d  f eeds  and 
h y d r o t r e a t e d  p r o d u c t s  were s e p a r a t e d  by c a p i l l a r y  column gas 
chromatography and d e t e c t e d  by e i t h e r  s t a n d a r d  FID t e c h n i q u e s  o r  by mass 
s p e c t r a n e t r y .  Upon h y d r o t r e a t i n g ,  t h e  product  chromatograms ( F i g u r e  1) 
show a l a r g e  i n c r e a s e  i n  t h e  number of compounds r e l a t i v e  t o  t h e  feed 
(F igu re  2) and a s h i f t  t o  lower b o i l i n g  range.  This change i n  t h e  
chromatogram, and t h e  change i n  carbon number d i s t r i b u t i o n  in t h e  product 
molecu le s  d e m o n s t r a t e s  t h a t  c r ack ing  a s  well as hydrogenat ion is  t ak ing  
p l ace .  S ince  many of t h e  feed and product  compounds could o n l y  be 
i d e n t i f i e d  by t h e i r  e n p i r i c a l  formula,  t h e  results of t h e  c a t a l y t i c  
h y d r o t r e a t i n g  of  t h e  a c i d i c  f r a c t i o n s  can be d e s c r i b e d  i n  t e r n s  of carbon 
number c l a s s e s  and c l a s s e s  which deno te  t h e  deg ree  of s a t u r a t i o n  of t he  
compounds. The c a r b o n  number d a t a  show ev idence  of c rack ing ,  wh i l e  t h e  2 
numbers, which i n d i c a t e  t h e  deg ree  of s a t u r a t i o n ,  show t h a t  compounds of 
t h e  biphenyl class d e c r e a s e  in r e l a t i v e  c o n c e n t r a t i o n  wfth inc reased  
i n v e r s e  space  v e l o c i t y ;  and compounds of t h e  t e t r a l i n ,  indane, and 
cyclohexylbenzene c lass  show a n  increase in r e l a t i v e  c o n c e n t r a t i o n  with 
i n c r e a s e d  i n v e r s e  s p a c e  v e l o c i t y .  Tab le s  I and I1 list t h e  compound 
c l a s s e s  i d e n t i f i e d  i n  t h e  f eed  and hydrodeoxygenated p roduc t  of t h e  very 
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weak and weak a c i d s ,  r e s p e c t i v e l y .  The fo rma t ion  of most of the product  
molecu le s  can  b e  r a t i o n a l i z e d  u s i n g  t h e  p u r e  compound hydroprocessing 
d a t a  on cyclohexyl  phenol ;  phenyl phenol(2)  and naph tho l (3 ) .  The 
examina t ion  of t h e  feed and p roduc t s  i n  terms of the  lumps i l l u s t r a t e s  
several p o i n t s :  1. 'he feeds  c o n t a i n  a r e l a t i v e l y  sma l l  number of  major 
components which, upon h y d r o t r e a t i n g ,  are reduced i n  c o n c e n t r a t i o n ,  
forming many more product  molecules .  2. In a d d i t i o n  t o  t h e  removal Of 
t h e  oxygen f u n c t i o n a l i t y  t y p i c a l l y  o c c u r r i n g  a s  i n  t h e  hydroxyl group, 
t h e r e  was s i g n i f i c a n t  r i n g  hydrogenat ion.  3. There i s  ev idence  of 

compounds having fewer ca rbons  t h a n  
t h e  feed compound and from s h i f t s  i n  ca rbon  number d i s t r i b u t i o n s  among 
t h e  compounds e x i s t i n g  i n  t h e  f eeds ;  t h i s  c r a c k i n g  is i n f e r r e d  t o  invo lve  
p r i n c i p a l l y  t h e  methyl s u b s t i t u e n t s  bonded t o  r i n g s ( 4 ) .  

I 

' c r a c k i n g ,  b o t h  from t h e  fo rma t ion  of 
I 

I 

The hydrodeoxygenat i o n  k i n e t i c s  of t e t r a h y d r o n a p h t h o l ,  methyl- 
t e t  rahyd ronaph tho l ,  phenylphenol ,  methylphenylphenol ,  dimethyl  i ndano l  , 
and cyclohexylphenol  are shown i n  F i g u r e  3 in a p l o t  of f r a c t i o n  of 
s p e c i e s  unconverted vs .  i n v e r s e  weight h o u r l y  s p a c e  v e l o c i t y .  Methyl 
s u b s t i t u t i o n  t ends  t o  i n c r e a s e  t h e  ra te  of d i sappea rance  of t h e  parent  
compound, probably by p rov id ing  a n  a d d i t i o n a l  pathway f o r  t h e  change in 
molecu la r  s t r u c t u r e .  N e i t h e r  t h i s  o b s e r v a t i o n ,  n o r  t h e  o r d e r  of r e a c t i v -  
i t y  i n  d i sappea rance  i m p l i e s  hydrodeoxygenation r e a c t i v i t y ( 5 ) .  Methyl 

a c c e s s  t o  t h e  c a t a l y s t  by s ter ic  h ind rance .  

I 

1 groups  may h i n d e r  heteroatom removal,  i n  some c a s e s ,  i f  t hey  p reven t  easy  
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Table  I 

Number of  Compounds by Type i n  t h e  Very Weak Acid 
Feed and Hydrot rea ted  Product  

Compound Type - Feed Produc ta 
Benzene 9 13 

b 1-Ring Phenols  2 NF- 

2-Ring Phenols  

Carbonyl Compounds& C- 
0 

4 NF 

8 NF 

6 6 d Ethers- ,  R-0-R 

N i t r o g e n  Compounds 6 1 

3-Ring Aromatics 

C y c l i c  Alkanes,  Alkenes 

1 2 

NF 7 

2-Ring Aromatics  NF 5 

Fused C y c l o a l k y l  Arorna t icse  NF 15 

Cycloa lkyl  Aromatics  NF 4 

- a Obta ined  at  a s p a c e  v e l o c i t y  of 0 . 4  g of f r a c t i o n /  

5 Not found. 
- c Furanone i s  c o n s i d e r e d  t o  b e  a carbonyl  compound. 
- d E t h e r s  i n c l u d e  methoxy, phenoxy, and f u r a n .  
e Fused c y c l o a l k y l  aromatics i n c l u d e  t e t r a l i n  and indanes.  

(g  of c a t a l y s t - h ) .  
- 

- 

4 2  



T a b l e  I1 

Number of Compounds by Type in t h e  Weak Acid Feed 
and Hydrot rea ted  Product  

Compound Type 

Benzenes 

2-Ring Phenols  

Carbonyl Compounds 

E t  h e r s  

Ni t rogen  Compounds 

Cyclo- and Dicyc loa lkanes ,  Alkenes 

Fused Cycloa lkylaromat ics  

2-Ring Aromatics o r  ? ? ?  

3-Xing Aromatics  

Cyc l o a l k y l  benzenes 

Fe ed - 
4 

8 

1 

2 

2 

NF 

NF 

NF 

P r  oduc t2 

3 

3 

NFb 

3 

hT 

9 

1 4  

5 

NF 3 

NF 3 

- a Obtained a t  a s p a c e  v e l o c i t y  of 0 .78 g of f r a c t i o n /  

b Not found. 
( g  of c a t a 1 y s t . h ) .  

- 

4 3  



WEAK ACID P RODUCI 

F i g u r e  1 

Weak Acid P roduc t  Ion Chromatogram 

F i g u r e  2 

Weak Acid Feed Ion Chromatogram 
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Figure 3 

Fraction Unconverted vs. Inverse Space Velocity 
Compounds in the Weak Acid 
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